Abstract
he built the quantum theory of the hydrogen atom. However, Langevin did not explicitly state the stationarity of the circling electrons, and it was Bohr who fully recognized it, and stated it as an essential principle of the quantum theory [2] .
III. Pre-quantum mechanical era and the problems of the old quantum theory
The success and failure of the old quantum theory of Bohr and others are well known [2] . He showed that the quantum mechanical exiv For a detailed account refer to his beautifully written book [3] . In contrast to this case, in the iron group salts crystalline field is so strong that it quenches a large part of the orbital magnetic moment, even at room temperatures, leaving mainly the spin part to contribute to magnetism of salts of iron (refer to figure 2). In conclusion, Dorfman was an early contributor to the quantum theory of magnetism.
But he is not as well known as he should have been.
VII. Enter Pauli
Pauli's contribution to magnetism is well known. He formulated paramagnetic behavior of conduction electrons in metals in 1927
and showed that paramagnetic susceptibility is temperature independent (in the leading order). The derivation is discussed in almost all books devoted to magnetism and solid state physics [9] . Pauli's derivation of the paramagnetic susceptibility can be described as 
which is independent of temperature as the more accurate calculation shows. vi It is very important to note that energy associated with spin-spin coupling of two electrons via exchange is very large as compared to the magnetic dipole-dipole interaction energy which is given by
VIII. Enter Heisenberg
This very small magnetic energy cannot lead to ferromagnetic alignment. In other systems, like ferro-electrics it is an important energy. vii Here S i is the total spin at an atomic site "i", i.e., it includes a vector sum over all the spins of unpaired electrons. In our notation i and j label two nearest sites. Let m and n denote orbital numbers on a given site i or j (in cases where there are many unpaired spins in different orbitals). Exchange interaction energy between an electron is given by
J ij is called the exchange integral viii . For ferromagnetism the sign of J ij has to be positive, and for anti-ferromagnetism it has to be negative.
The question on what parameters the sign of J depends is complicated and vexed one (we will discuss these issues in part B).
The above exchange interaction is now known as the Heisenberg exchange interaction or the direct exchange interaction. There is a variety of exchange interactions (both in metals and insulators) that will be discussed in part B.
in mth orbital at site i and an electron in nth orbital at site j is given by
Total interaction is obtained by summing over all m and n
The main assumption is that the exchange integral between mth orbital at site i and nth orbital at site j is as-
sumed to be independent of m and n. It is like assuming the same exchange integral between two s-orbitals or two d-orbitals or between s and d orbitals on two different sites i and j. That is
Validity of this assumption depends crucially on the nature of the system under consideration. Of course, overlap of two S-orbitals is different from that of two d-orbitals.
But let us accept this assumption. Under this assumption
Hence one obtains the Heisenberg model as given in the main text.
viii 
IX. Enter Landau
Metals which are not ferromagnetic show two weak forms of magnetism, namely, paramagnetism and diamagnetism. Paramagnetism we have discussed, diamagnetism due to free conduction electrons is a subtle phenomenon and was a surprise to the scientific community [1] when Lev landau discovered it in 1930. To appreciate it consider the following example.
Consider the classical model of an atom in which a negatively charged electron circulates around a positive nucleus. A magnetic moment will be associated with the circulating electron (current multiplied by area). Let a uniform magnetic field be applied perpendicular to the electrons orbit. Let the magnitude of the magnetic field be increased from zero to some finite value. Then, it is an easy exercise in electrodynamics to show that an electromotive force will act on the electron in such a manner that will try to oppose the increase in the external magnetic field (i.e., Lenz's law).
The induced opposing current leads to an induced magnetic moment in the opposite direction to that of the external magnetic field, and the system shows a diamagnetic behavior (induced magnetization in the opposite direction to the applied magnetic field).
However, when a collection of such classical model-atoms is considered the diamagnetic effect vanishes. The net peripheral current from internal current loops just cancels with the opposite current from the skipping orbits (refer, for example, to [1] ). This observation also Wigner (1902 Wigner ( -1995 .
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The above condition is too restrictive.
Wigner [15] [17] .
It is an extension of the Hund rule of maximum total spin for a less than half filled to spin alignment. In total, this intra-atomic exchange leads to ferromagnetic state. xii In the language used here we are using both "band"
concept and "orbital" concept at the same time.
It appears incoherent, but it turns out that valence electrons of the iron group elements retain their atomic character to some extent [6] . 
where f (ǫ) = However, the plot of But the intra-atomic exchange mechanism has its own problems as was discussed in part A.
The other possible explanation was given by
Bloch. The exchange interaction between free electrons is "inherently" ferromagnetic. But, it to be effective, electronic density has to be low to make exchange energy dominant over ki- In his original contribution (refer to [20] 
requires a thorough knowledge of wavefunctions which are not exactly known in an environment where atom is present in condensed state.
xvi The basic idea is due to S. V. Vonsovskii 1946 [21] , and later on developed by Zener in 1951 [22] .
were to be discarded. However, these ideas form seeds of very important progress in un- 
Thus there is an effective interaction be- 
XVIII. Debate and its resolution
After discussing these developments which started along the approach of localized model, let us return back to the itinerant picture and to the debate between these two extreme pic- ii. Against itinerant (Stoner) model iii. In favor of localized (Heisenberg) model
The most important success of the Heisenberg model is that it can address CW law in an elegant way. Due to this fact before the resolution of the debate, it was the model of choice to analyze experimental data even in metals. Later on it became evident that this most suited for insulators, and became the seed to further developments in the field of magnetism of insu- The double exchange mechanism is thought to be operative in mixed valency systems, and was first proposed by Zener [21, 28] . Con- were not feasible due to the complexity of the problem [29] , and the success was partial. In conclusion, these were the "first steps" of incorporating correlation effects in the Stoner theory. We would like to end our presentation of the "middle-road" theory with the appropriate words of Kubo and Nagamiya [6] 
